In this paper, we seek to re-establish the link between the CES production function and neoclassical growth theory. We did so in three dimensions. First, we reviewed the increasing importance of the CES technology in modern dynamic macroeconomics, in expanding not only theory but also in addressing important policy questions. Second, we argued that the importance of the CES function in growth theory is intimately linked to 'normalization'. Finally, we examined the data congruence between CES functions and recent growth patterns in US and euro-area economies, where we apply CES functions with factor-augmenting and time-varying technical progress.
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Introduction
A remarkable element of recent advances in economic growth theory is the revival of the aggregate Constant Elasticity of Substitution (CES) function for modeling an economy's productive potential. This revival, evident in theoretical as well as in empirical contributions, aims at linking considerations about changes in factor income distribution to particular constellations of the elasticity of substitution on the one hand and the growth rates of factor efficiency on the other. Neoclassical growth theory and the aggregate CES production function have a long common history starting when Solow (1956) identified factor substitution as the central condition for avoiding growth on a "knife's edge". 1 The workhorse of neoclassical growth theory, however, largely became that of the Cobb-Douglas form whose elasticity of substitution is exactly unity. One reason for the wide-spread use of this particular functional form is its accordance with the most prominent stylized facts of long-term economic development: namely, the approximate constancy of factor-income shares during a steady increase in capital intensity and per-capita income, independent of the direction of technical change. Allowing for a non-unity elasticity of factor substitution would imply that the secular constancy in factor income shares has to be provided by another strong assumption: technical progress has to be purely labor augmenting.
Empirical research, moreover, has been hampered by the difficulties in identifying at the same time an aggregate elasticity of substitution as well as growth rates of factor augmenting technical change from the available data. Accordingly, for more than a quarter of a century following Berndt (1976) , common opinion held that the US economy was characterized by aggregate Cobb-Douglas technology, leading, in turn, to its default incorporation in economic models. This view, however, has now been strongly challenged on both empirical and theoretical grounds, inter alia, Yuhn (1991) , Chirinko (2002) , Acemoglu (2002 Acemoglu ( , 2003 , Antràs (2004) .
Our paper supports and expands upon this CES revival in growth theory more or less in three directions. First, (Section Two) we review the increasing importance of the CES technology in modern dynamic macroeconomics, not only in expanding theory, but also in addressing key policy questions. Second (Sections Three and Four), we argue that the importance of the CES function in growth theory is intimately linked to 'normalization', i.e. the choice of baseline values for the function's key parameters. Normalization -as proposed by de La Grandville (1989) , Klump and de La Grandville (2000) , and Klump and Preissler (2000) -not only secures equivalence between the various functional forms of the CES function, it has also paved the way for the elasticity of substitution to be considered as an important determinant of growth. Moreover, fixing of baselines values is necessary to evaluate biases in technical change, which is the other important long-term growth determinant. Finally, in Section Five, we examine the data congruence between CES functions and recent growth patterns for the US and euro area. For instance, we know that it is impossible to determine any bias in the direction of technical change assuming Cobb-Douglas technology. In contrast, pronounced trends in factor-income shares in many countries over the 'medium run ' -Blanchard (1997) , Solow (2000) -suggest the more general CES function and makes possible biases of technical progress an important (and largely unresolved) issue. As an illustration, using a normalized CES function with factor-augmenting technical progress, we estimate a supply-side system of these two economies over recent decades.
In contrast to most empirical works, we do not, however, constrain technical progress to evolve at a constant rate but allow for a quite general functional form. Putting a high emphasis on data quality and consistency, we obtain robust results not only for the elasticity of substitution (which we identify as well below unity) but also for the parameters and dynamics of technical change in each case. Finally, Section Six summarizes and concludes.
The CES revival in Growth Theory and Empirics
The continuous boom in endogenous growth theory since the mid-1980's led to a renewed interest in CES production functions (e.g., see the discussion in de La Grandville and Solow, 2005) . This special type of production functions rooted in the mathematical theory of elementary mean values (Hardy et al., 1934, p. 13 ff.) was introduced into economics by Solow (1956) and has already been much debated in the early times of neoclassical growth theory during the 1960's and 1970's.
2 However, not only the conceptual problems causing controversial and problematic results in theoretical growth models (Klump and Preissler, 2000) but also the ongoing difficulties in empirically validating the parameters of the CES function, notably the aggregate elasticity of substitution made their use less attractive. Thus, if the pioneering work by Arrow et al., (1961) , who evaluated the elasticity of substitution for the US at 0.57, stands for a hopeful beginning for CES studies, the unitary elasticity results derived by Berndt (1976) perhaps forced a disappointing and premature end to this debate. Hence, the much less complicated Cobb-Douglas specification tended to be used for the modeling of the technological relationship between factor inputs and output.
One important property of the Cobb-Douglas function is the constancy of factor income shares. This property meets the essential condition for a steady state in neoclassical growth models and is in line with the most prominent stylized facts of long-term economic development: the relative stability of factor income distribution despite a secular rise in capital intensity and per-capita income. It also follows that the direction of technical change is irrelevant for income distribution in the Cobb-Douglas world. It is thus impossible to determine empirically any bias in the direction of technical change.
3 In contrast, pronounced cycles in factor income distribution visible in many countries over what Blanchard (1997) called the "medium run" support the more general CES function and make possible biases of technical progress an important issue. It is an old insight that in the CES world a steady state with constant factor income shares is only possible, if exogenous technical progress is purely labor augmenting.
As already demonstrated by Solow (1956) in the standard neoclassical growth model, assuming an aggregate CES production function with an elasticity of substitution above unity is the easiest way to generate perpetual growth. Since scarce labor can be completely substituted by capital, the marginal product of capital remains bounded above zero in the long run. Recently, it has been shown that integration into world markets is a feasible way for a country to increase the effective substitution between factors of production and pave the way for continuous growth (Ventura, 1997 , Klump, 2001 , Saam 2005 . Conversely, it could be shown in several variants of the standard neoclassical (exogenous) growth model that introducing an aggregate CES production functions that with an elasticity of substitution below unity can generate multiple 2 Though there are many plausible function forms, which may fit the data well, e.g., the translog function, here we concentrate on Cobb-Douglas and CES cases. This reflects the dominance of these two forms in the growth literature (e.g., Barro and Sala-iMartin, 2003) and allows us to focus our discussion on key issues in the literature like the unitary or non-unitary value of the substitution elasticity and the nature of factor-augmenting technical change. 3 See Jones (2003) for a defense of using Cobb-Douglas technology in aggregate growth models. growth equilibria and development traps. (Azariadis, 1996 , Duffy and Papageorgiou, 2000 , Klump, 2002 , Kaas and von Thadden, 2003 .
Public finance and labor economics are other fields where the elasticity of substitution has been rediscovered as a crucial parameter for understanding the effects of policy changes. This relates to the importance of factor substitution possibilities for the demand function of each input factor. 4 As pointed out by Chirinko (2002) , the lower the elasticity of substitution the smaller becomes the response of business capital formation to variations in interest rates. In addition, the welfare effects of tax policy changes are highly sensitive to the assumed values of the elasticity of substitution. Rowthorn (1999) , for instance, stresses the importance of the elasticity of substitution in macroeconomic analysis of the labor market. In a standard model of unemployment determination in the presence of trade unions and monopolistic product markets, the assumption of Cobb-Douglas technology eliminates any interaction between capital formation (and technical progress) and the demand for new jobs and thus shifts the entire burden for reducing unemployment on higher labor market and wage flexibility. By contrast, an elasticity of substitution below unity would allow incentives for higher capital formation to exercise a significant effect on the reduction of unemployment.
Furthermore, a whole series of papers have tried to explain the coincidence of rising unemployment and a hump-shaped behavior of factor income share in continental Europe using models that incorporate particular assumptions about factor substitution and technological change. Caballero and Hammour (1998), Blanchard (1997) and Berthold et al., (2002) assume a production technology with purely labor-augmenting technical progress and a relatively high elasticity of substitution with values of above unity in the long-run, while in the short run the possibilities of factor substitution are rather limited due to putty-clay characteristics of the expost production function. A wage-push shock would thus lead at first to only a small decline in employment and an increase in the labor-income share. In the long run, however, labor is replaced over-proportionally by capital and, with rising capital intensity, the labor-share will fall again. Critics of this line of explanation have argued that Europe has also experienced a decline in capital formation since the 1970's. A declining capital intensity, however, can cause a decline in employment and a rise in the capital income share only if the elasticity of substitution does not exceed unity (Rowthorn, 1999) .
An intermediate position between these two views has been developed by Acemoglu (2002 Acemoglu ( , 2003 who introduces changes in the direction of factor-augmenting technical progress as an important, and so far neglected, endogenous adjustment mechanism. In his model, technical progress is strictly labor augmenting along the long-term balanced growth path, but may also become capital-biased in periods of transition. The short-term response to a wage-push is now a fall in employment and an increase in the labor-income share. In the long run, however, capitalbiased technical change will reverse the trend in income distribution and lead to an increase of the capital income share, while employment falls even further. Capital-augmenting technical change has thus an important role to play in the medium run, even if it should not be dominant in the very long run.
Needless to say, empirical studies of the technical characteristics and substitution elasticity of production functions have varied considerably. Tables 1 and 2 present an overview of previous results for the US and other industrialized countries (for the former, growth rates of technological change are also documented). The differences in the results are striking. Even for the US, it is possible to find values of the elasticity of substitution above unity (with Harrodneutral technical progress), at unity (with Hicks-neutral progress) and below unity (with Hicksneutral progress and with technical progress augmenting both input factors). The situation for other countries is scarcely better; for example, for Germany values of the aggregate elasticity of substitution below, above and just at unity were estimated.
The reasons for such heterogeneity in results rests, largely speaking, on various forms of data and estimation biases. These include: (a) the quality of the underlying data and its accounting framework, in particular the correct measurement of the user cost of capital and capital income (e.g., see the discussion in Antràs, 2004 , Klump et al., 2004 , (b) restrictive assumptions about the nature of technical progress 5 and (c) simultaneity and omitted-variable bias from estimation without taking into account cross-equation restrictions from the joint estimation of factor demands (e.g., see the discussion in David and van de Klundert, 1965, Willman, 2002) 6 . In this paper, we sought to avoid such problems: first, we estimate our supplyside as a simultaneous-equation system 7 ; second, we apply the empirical counterpart of the normalized supply-side system which facilitates improved parameter identification; and, finally, we undertake a careful analysis of the US and euro-area data and its implied accounting framework.
On the Importance of Normalization
The new interest (and the late success) which CES production functions have found in the theory of economic growth stands to profit considerably from normalization. The importance of explicitly normalizing CES functions was discovered by de La Grandville (1989) and further explored by Klump and de La Grandville (2000) , Klump and Preissler (2000) , and De LaGrandville and Solow (2005) . Normalization starts from the observation that a family of CES functions whose members are distinguished only by different elasticities of substitution needs a common benchmark point. Since the elasticity of substitution is defined as a point elasticity, one needs to fix benchmark values for the level of production, the inputs of capital and labor and for the marginal rate of substitution, or equivalently for per-capita production, capital intensity and factor income shares. Normalization is crucial in several respects when dealing with CES functions: (a) It is necessary for identifying in an economically meaningful way the constants of integration which appear in the solution to the differential equation from which the CES production function is derived. (b) It helps to distinguish among the various functional forms, which have been developed in the CES literature, namely those which are identical and those which are not, (c) it is necessary for securing the basic property of CES production in the context of growth theory, which is the strictly positive relationship between the elasticity of factor substitution and the level of output, (d) it is (implicitly or explicitly) employed in all empirical studies of CES functions, (e) and finally it is convenient when biases in the direction of technical progress are to be empirically determined.
(a) The construction of the CES production function starts from the definition of the elasticity of substitution, σ , as being equal to the elasticity of income per capita with respect to the wage rate according to Allen's theorem. This leads to a second-order differential equation whose solution implies two constants of integration. Introducing , and as the baseline values for capital, labor and output, respectively, and
as the baseline value for the marginal rate of substitution, one can identify those constants of integration in an economically meaningful way and arrives at the normalized CES production function at a given point of time t (De LaGrandville and Solow, 2005) :
( 1) where ( )
The "intra-family" relations between different functional forms of the CES production function were analyzed by Klump and Preissler (2000, p.43 f.) . In particular, it could be shown that the CES variants proposed by Pitchford (1960) , Arrow et al. (1961) and David and van de Klundert (1965) could all be traced back to a common ancestor which is given by the normalized production function (1). Also the CES variants used by Solow (1956) , Ventura (1997) or Acemoglu (2002) can be traced back under certain special assumptions concerning the baseline values to the general normalized CES function (1), but not the functional form which, for example, was proposed by Barro and Sala-i-Martin (1995) . 8 The baselines values for capital, labor, output and the marginal rate of substitution are the same for all functions belonging to one particular CES family. This implies automatically, that under imperfect competition, two members of one family also share the same baseline values for the distribution parameter
, where w, q, and P refer to the wage rate, the rental price of capital and to the price of output, respectively, and µ is the markup. (c) The general form (1) and all its admissible variants share the property of being a general mean of the order of ρ. General means, however, are strictly increasing functions of their order (see De LaGrandville and Solow, 2005) . Hence, it becomes easy to prove that everywhere (except in the benchmark point) an increase in the elasticity of substitution will lead to a higher level of output. Within the context of a standard neoclassical growth model one can then show (Klump and De La Grandville, 2000) that a higher elasticity of substitution induces a higher steady level of capital-intensity and per-capita production. The degree of factor substitution can thus be regarded as a determinant of the steady state as important as the savings rate or the growth rate of the labor force.
Reasons for an increase in factor substitution can be found in all measures which improve the efficient allocations of input factors. Saam (2005) , building on earlier work by Ventura (1997) , demonstrates that openness of an economy for international trade can increase the substitution between capital and labor compared to autarky. Rigidities in the price system which prevent an efficient factor allocation can also be regarded as reasons for a low aggregate elasticity of substitution. An extreme form of low factor substitution could e. g. be found in the Soviet Union with central planning of factor allocation (Easterly and Fischer, 1995) . And low factor substitution which is usually assumed in the Post-Keynesian growth model can be related to the insufficient flexibility of factor prices causes by structural rigidities on the labor and capital markets (Wan, 1971, p.20 ff.) (d) As stressed by Rutherford (2003) empirical work on CES functions very often uses calibrated functional forms which can be traced back to the normalized CES function (1). The benchmark values which show up in these calibrations are needed to convert observations for output levels, capital stock and numbers of workers (or hours worked), all measured in different units, into consistent index numbers. In many empirical studies one finds an implicit normalization where the benchmark values for output, capital and labor are set equal to one.
10 In other studies these benchmark values correspond to the values of the respective variables in a particular base year.
(e) Finally, it should be noted, that normalization also fixes a benchmark value for the factor income shares. This is important when it comes to an empirical evaluation of changes in the income distribution which are the result of technical progress. If technical progress is biased in the sense that factor income shares change over time the nature of this bias can only be classified with regard to a given baseline value (Kamien and Schwartz, 1968) . As has been pointed out by Acemoglu (2002 Acemoglu ( , 2003 , the neoclassical theory of induced technical change regards such biases as necessary market reactions to endogenous or exogenous changes in factor income distribution. In this view the interaction of factor substitution and biased technical change is crucially responsible for the relative stability of long term factor income share in market economies despite a steadily growing capital intensity, whereas non-market economies are not able to develop a comparable allocation mechanism (Easterly and Fischer, 1995) . We will make use of this particular property of normalized CES functions for our own estimation approach.
8 10 This implicit normalization can e.g. be found already in Arrow et al. (1961, p230) , when the "efficiency parameter" is set equal to one "by appropriate choice of output units". In the light of the normalized CES function, the parameter C is exactly equal to one, when = = =1 is assumed.
The Normalized Supply-Side System with Biased Technological Change
Our technology assumption is the normalized CES production function allowing for time-varying factor-augmenting technical progress. Consider a linear homogeneous CES function with technological change that is augmenting the efficiency of both factors of production (David and van de Klundert, 1965) :
where represents the levels of efficiency of input factor i and i t E ρ is the substitution parameter.
The relationship between the CES production function (1) and the traditional Arrow et al. (1961) form, which, instead of the two efficiency levels, contains a distribution and a single efficiency parameter, has been explored by Klump and Preissler (2000) . Both specifications can be regarded as two members of one family of normalized CES productions functions as long as they share the same baseline values.
To circumvent problems related to the non-identification theorem of Diamond et al. (1978) , we further assume a certain functional form for the growth rates of both efficiency levels:
where , , defines the growth rates of factor-augmenting technical progress. Following recent theoretical discussion about possible biases in technical progress, it is not clear that these growth rates should always be constant; logarithmic or hyperbolic growth seem plausible. This is why in our empirical investigations we work with the hypothesis of conventional constant growth rates,
, as well as with a form that nests exponential, logarithmic and hyperbolic growth as special cases.
The Box-Cox transformation (Box and Cox, 1964) leads to the general expressions Normalization of the CES function implies that members of the same CES family should all share the same fixed point and should in this point and at that time of reference only be characterized by different elasticities of substitution. To ensure that this property holds also in the presence of growing factor efficiencies, it follows that, 
This ensures that at the common fixed point the factor shares are not biased by the growth of factor efficiencies but are equal to the distribution parameters 0 π and 
Thus, with factor augmenting technical progress the growing efficiency levels are now measured by the expressions
. As a test of consistent normalization, we further see from (5) that for we retrieve .
As can be shown, the empirical advantage of normalized equation (5) is that all parameters have clear economic interpretations with well-defined, plausible ranges. Thus, varying the elasticity parameter implies that each resulting CES function belongs to the same family, i.e. they go through the same fixed point independently of σ . All parameters also have a clear empirical correspondence; in particular, the distribution parameter 0 π is identified as the capital income share of total factor income at the fixed point. Hence, a suitable choice for the fixed point may alleviate the estimation of the deep parameters and, to repeat, makes the estimated production function suitable, for example, for comparative static analysis. Regarding the choice of the fixed point we suggest that it should be calculated on the basis of sample geometric averages, because over a longer period of time cyclical variations have netted out and even longer-term fluctuations have compensated. However, due to the non-linear functional form of the CES production function the sample geometric averages need not exactly coincide with the 'true' fixed point of the underlying empirical CES function. That would be the case only if the production function is log-linear i.e. Cobb-Douglas with constant technical growth. Therefore, we measure the possible emergence of such a problem by introducing an additional estimated parameterζ whose role is to capture the effects of the deviation of the CES from the log-linear function on the fixed point output corresponding to the geometric averages of inputs. With treating sample averages as baseline values at the common point (and time) of reference we have . In the latter case, it may alleviate the estimation algorithm to find the optimum solution in the economic sense reasonable range but also in the former case it helps to evaluate the reasonability of estimation results, because also the free estimate must be in line with the sample average of capital income in total factor income.
Using our earlier definitions, we can derive the profit-maximizing firm's first-order conditions with respect to labor and capital, subject to their production-function and a downwardsloping demand curve (where ρ is replaced by σ for consistency with our later empirical results, and µ , as before, denotes the markup):
0 1 log log log log ( , ) 1
0 log log ( , ) log 1 1
where, as before, time-varying technical progress is captured by the Box-Cox function,
And it is this supply-side system, equations (6) to (8), that we now estimate using US and euro area data in the remainder of the paper.
5.
An Empirical Illustration: Supply-Side Developments in the US and euro area
Data
We now review the data source and calculations for the US and the euro area underlying our empirical results of section 5.3. Note, we have tried, where possible, to use broadly harmonized data and data concepts in the country comparison.
United States
11
Our principle data source for the US (annual) series was the NIPA Tables (National Income and Product Accounts) for production and income. In addition, we use Lally (2002) for current cost and real capital stock, and Auerbach (1983 Auerbach ( , 2003 for the data of the rental price of capital. Our data series runs from 1953 until 2002: the data span is explained by the availability of Auerbach's user cost series. The output series is calculated as Private non-residential Sector Output -this is total output minus Indirect Tax Revenues, Public-Sector output and Housing-Sector Output. After these adjustments the output concept we use, corresponds to the concept of the private nonresidential capital stock.
As discussed by, for example, Krueger (1999) and Gollin (2002) , a problem in calculating labor-income is that it is unclear how the income of proprietors (self-employed) should be categorized in the labor-capital dichotomy. Some of the income earned by self-employed workers clearly represents labor income, while some represents a return on investment or economic profit. In this study, two alternative approaches to account for self-employed workers' labor income are applied. First, following e.g. Krueger (1999) and Antràs (2004) we add two-thirds of proprietors' income to the private sector compensation to employees. Although blunt, since Johnson (1954) , this has been a common convention to account for self-employed labor income. Second, a straightforward approach -although apparently better founded in economic terms -is to use compensation per employee as a shadow price of labor of self-employed workers. Hence, laborincome is calculated also as:
Recently the latter approach has been applied e.g. by Blanchard (1997) , Gollin (2002) and Bentolila and Saint-Paul (2003) .
The construction of the capital income data is most problematic. This is due to the fact that the pure profit (or the markup) component cannot be separated from the rest of non-labor income in national accounting. However, as part of constructing the national income and product accounts, the Bureau of Economic Analysis (BEA) calculates also estimates of fixed assets and consumer goods including estimates of net capital stocks in real and nominal terms (Herman, 2000) . This information is needed in calculating national account figures for consumption. Accordingly, a consistent estimate for the (non-profit) capital income should be obtained as the product of real rental price of capital, as e.g. constructed by Auerbach (1983 Auerbach ( , 2003 , and BEA figures of current-cost fixed capital. We chose this practice.
Before estimation, it is useful, first, to check the internal consistency of our data set and, second, to evaluate how compatible it is with the implications of the standard neoclassical growth model. Conventionally, we believe in empirical applications little (or too little) attention has been paid to the internal consistency of the data, especially regarding the distribution of the non-labor income into the capital income and the implied markup components. For that purpose, the accounting identity of the non-housing private sector provides a useful framework:
Internal consistency would require that the sample average of the implied markup component is non-negative. Further, if demand functions of goods are isoelastic and either competition in different sectors is the same or sectoral output shares remain stable, then the implied markup component should be stationary.
13 These requirements are fulfilled by our data. As shown in the lowest panel of Figure 1 , the markup share, although exhibiting temporarily negative values, is for the most of the sample period positive.
14 (Stationarity of the markup is confirmed by the relevant tests).
Euro Area
Following Galí et al. (2001) , Smets and Wouters (2003) , Coenen and Wieland (2005) and others, we model interactions at the aggregate euro-area level, using aggregate euro-area data from 1970q1-2003q4 from the Area Wide Model database of Fagan et al. (2001). 15 Regarding the capital stock, we use calculations by EuroStat. In euro area data, there is no sectoral dis-aggregation (in Output and Capital stock series): i.e., they include the public sector. To have a better compatibility with the US data, we separate the government sector from our data, by using some simple rules: regarding government production, we assume that it corresponds half of the government-sector consumption which equals the sum of compensation to government employees and the consumption of capital. The latter component is approximated by , where P KG DEPR P I * * I is the investment deflator, DEPR is the relevant depreciation rate and KG is public capital stock. Now the compensation to government-sector employees can be calculated as a residual, and the estimate for government-sector employees is obtained by deflating this compensation by the wage rate. Thereafter private-sector employment can be calculated. Naturally, this procedure is rough but it is an internally consistent way to disentangle public and private activities in the economy.
Nominal user cost is defined as , where i is the interest rate, PI represents the inflation rate and DLIB represents financial liberalization proxy (see the discussion in McAdam and Willman, 2004) . Self-employed income, as well as the implied profit component, is accounted for as in the US case. 
Some Data Properties
Figure 1 plots for the US, the capital-output ratio, labor-to-total factor income share and the aggregate markup share. Figures 2 plots for the euro area, the capital-output ratio, the GDP-share of labor income and the capital-to-income share. Interestingly, for both countries, it can be see that the capital-output ratio is nonstationary. The first implication of this is that technical progress cannot be only labor augmenting -there must be also a capital augmenting component. However, since the capital-output ratios have no clear trend, capital augmenting technical progress may be best considered a transitory phenomenon. Indeed, this would be in line with the endogenous growth model of Acemoglu (2003) : technical progress being strictly labor augmenting along the long-term balanced growth path, but capital-biased in periods of transition. The second implication is that the Cobb-Douglas production technology is incompatible with the properties of these data. Under Cobb-Douglas technology, independently from the augmentation of the technical change, the capital-output share as well as factor income shares should be stationary.
Regarding differences between the two countries, we see that whilst factor income shares and the aggregate markup are stationary for the US, the reverse is true for the euro area. After increasing strongly in the 1970s, the GDP share of labor and capital income in the euro area has continuously decreased during the subsequent two decades. In this respect, developments in the US, and more generally in "Anglo-Saxon" countries, have differed being broadly in line with the stylized fact of a stable labor income share.
Two explanations suggest themselves for this pattern of non-stationary factor income shares. The first is, as in the US case, the possibility of persistent capital-augmenting technical progress which allows factor income shares to fluctuate over time. The second relates to the behavior of the markup: as the GDP-share of labor income is non-stationary and the capital income-to-labor-income share is stationary, this implies that the implied markup is nonstationary. In an earlier paper, McAdam and Willman (2004b) related this feature, in the main, to underlying sectoral shifts in the euro-area economy. Their theoretic framework contains a multisector model of imperfect competition, where output is produced by an otherwise common technology except for the sectorally-differentiated scale and technical progress parameters of the production function. By allowing price and income elasticities to differ across sectors, the aggregation of the firm-level conditions of profit maximization implies that the aggregated-level markup may develop secularly though the markup in each sector remains constant. The development of the aggregated level markup reflects changes in the production shares of sectors with the high (e.g., domestic services) or low markup (i.e., manufacturing) and/or with the fast or slow speed of technical progress. 16 Further, the assumption of non-isoelastic demand curves implies time variant sectoral markups, as also competing foreign prices affect the pricing behavior. This offers an additional avenue for explaining the hump-shaped development of the labor income share in the euro area. This is an approach we follow and this introduces into the supply-side estimation system additional parameters reflecting (FO; TMR) reflecting sectoral trends in the aggregate markup and terms-of-trade effects, respectively.
Results: Supply-Side Estimation
Results from estimating system (6)- (8) for the US and the euro area can be found in Tables Three  (US results) and Four (euro area). The tables show the parameter estimates and their standard errors (as can be seen, most parameters are significant at 1%). Also shown are the changes in Total Factor Productivity (evaluated at the fixed point), as well as the log determinant of each specification and the stationarity tests for the residuals of the Labor, Capital and Output equations. 17 . The corresponding Figures (3, 4) show the dynamics (log-levels and changes) of each component of technical progress over time.
US Results
In Table 3 , we freely estimate the technical progress parameters in a time-varying manner, allowing for possible breaks in technical progress (given by the 1 i γ terms). Regarding US results, the first column roughly repeats our earlier results in Klump et al. (2004) , with the exception that we have a longer estimation period (covering post-1998 until 2002) . Column one, indeed, provides quite plausible results: the elasticity of substitution is estimated at around 0.7, the markup at 5%
18 with an annual rate of TFP growth (evaluated at the fixed point) of 1.4%. Moreover, the Box-Cox curvature parameters suggest a dominant role for labor-augmenting technical progress (with exponential curvature) whilst a transitory role for capital (with hyperbolic curvature). 19 This profile implies that the relatively high growth of productivity in the 1950s and 1960s, showing continuous deceleration in productivity until the end of the estimation period. This is compatible with the consensus view that the US experienced a slowdown in productivity growth in the 1970s and 1980s but is in contradiction with the view of the rebound in productivity since the early 1990s. It is apparent that the non-stationarity of the productionfunction residuals reflects and corroborates this defect.
In line with this, the best fit (in terms of log determinant) is obtained when a break in technical progress is implemented around 1990. Accordingly we allowed the augmentation of both factors to break in that period. In such cases (columns 2-3), this removes the non-stationarity in production. However, given that the break in capital ( 1 K γ ) is insignificant, we therefore restrict the break to appear only in labor and arrive upon case (3). Thus, the break in productivity leads to a doubling of technical progress due to labor: from 0.14 to 0.28.
This finding of a break in productivity is in line with many studies relating to the recent performance of the US economy (e.g., Basu et al, 2001 ), although our break detection tends to appear somewhat earlier than most studies (though seemingly not Fed Chairman Greenspan, Blinder and Reis, 2005) .
The dynamics of total factor productivity and that accruing to each factor is presented in the figures: they clearly show the dominant role for labor-augmenting technical progress since labor and total factor productivity essentially converge in the long-run. Such a configuration is thus supportive of the idea that CES production function can facilitate the modeling and description of short-and medium-run fluctuations whilst being compatible with standard growth models of Harrod-Neutral balanced growth.
Euro Area Results
Coming now briefly to the euro area results, we note the following. Results suggest an elasticity of substitution estimate at around 0.6-0.67, roughly similar to that for the US, but a marginally lower (annual) TFP growth rate of 1.1%. Interestingly, we can see that the long-run balanced growth condition (i.e., ) is not rejected by the data. In this case, however, we find a more persistent role for the dynamics of capital augmentation in the 1970s and 1980s (unlike the US where it had practically faded out by this time), in line with Acemoglu (2002 Acemoglu ( , 2003 reflecting differences in labor-market flexibility and ability of labor-markets to absorb the world-wide supply shocks of the 1970s and early 1980s.
As before, locating a break in technical progress improves the stationarity properties of the production function equation. That break is found to start in 1997:4. Since this is relatively close to the end of the sample, the validity of this finding must be weighted accordingly; however, as is well-known, there has been a distinct downward trend in euro-area productivity since the late 1990s onwards.
Conclusions
In this paper, we sought to re-establish the link between the CES production function and neoclassical growth theory. We did so in three dimensions. First, we reviewed the increasing importance of the CES technology in modern dynamic macroeconomics, in expanding not only theory but also in addressing important policy questions. Second, we argued that the importance of the CES function in growth theory is intimately linked to 'normalization'. Finally, we examined the data congruence between CES functions and recent growth patterns in US and euro-area economies. The latter highlights and corroborates some of our key arguments. We know, for instance, that it is impossible to determine any bias in the direction of technical change assuming CobbDouglas technology. In contrast, pronounced trends in factor-income shares in many countries over the 'medium run' suggest the more general CES function. Accordingly, using a normalized CES function with factor-augmenting and time-varying technical progress, we estimated a supply-side system of the US and euro area economies over recent decades. We obtained robust results not only for the aggregate elasticity of substitution but also for the parameters of factoraugmenting technical change. Overall, we find that the elasticity of substitution is significantly below unity and that the growth rates of technical progress behave asymmetrically with a tendency for the capital-augmenting component to fade away over time leaving labor-augmenting technical progress the dominant factor. Given a non-unitary elasticity of substitution, such a configuration guarantees the secular stability of income shares while allowing them to fluctuate in the medium run.
Thus our results not only contribute to a better understanding of the empirical implementation of CES production functions. They also underline that together with factoraugmenting and time-varying technical progress, the normalized CES function is essential for the long term success of the neo-classical growth model. Thus, what could only be conjectured in 1956 should become common knowledge today. 
US-data, stylised facts
Capital-output ratio (DF = -1.68) 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 Labor-income share (DF = -3.64) 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 M arkup (DF = -3.59) 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 
Euro-area data, stylised facts
Capital-output ratio (DF = -2.46) 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 9.00 9.25 9.50 9.75 10.00 10.25 10.50 10.75 11.00 11.25 L-income to GDP share (DF = -0.58) 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Capital to labor income share (DF = -5.02) 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Te chnical progre ss , log-le vels sigma = 0.70 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Te chnical progre ss , log-le vels sigma = 0.67 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Te chnical progre ss , log-le vels sigma = 0.65 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Grow th contributions sigma = 0.70 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Grow th contributions sigma = 0.67 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Grow th contributions sigma = 0.65 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 Notes: see Table 3 . Technical progre ss , log-leve ls sigma = 0.68 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Technical progre ss , log-leve ls sigma = 0.61 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Technical progre ss , log-leve ls sigma = 0.60 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Grow th contributions sigma = 0.68 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Grow th contributions sigma = 0.61 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Grow th contributions sigma = 0.60 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
